A novel function of nitried-based semiconductor is successfully developed for organic synthesis, in which palladium supported on the surface of S-terminated GaN(0001) serves as a unique green chemical catalyst. In this study we determined the structure of Pd-catalyst supported on S-terminated GaN(0001) surface by means of the density functional theory (DFT) within a Local Density Approximation (LDA). The important role of S in the case of GaN substrate is to make the number of the valence electron to be close to 0, in contrust to the case of GaAs.
I. INTRODUCTION
Transition metal catalyzed reactions have played an important role in synthetic and process chemistry. The homogeneous catalyst surely causes effective reaction, however, a lot of efforts and energy are required for reusing the catalyst. From this viewpoint, development of the easily treatable heterogeneous catalyst is strongly desired for reducing the waste of expensive rare metal. Although the polymer supported catalyst has been developed, it cannot tolerate under severe conditions such as high temperature and it is restricted to use in organic solvents. Recently, palladium acetate (Pd(OAc) 2 ) molecules immobilized on the S-terminated GaAs(001) has high catalytic activity and stability for Heck reaction [1] . However, the GaAs substrates including toxic As, it is not suitable for mass productions. To solve this problem, a new type catalyst was reported recently [2] , in which transition metals were supported on the S-terminated GaN(0001). For developing more effective catalysts, it is very important to know its detail structures. Therefore, in this paper, we try to determine the atomic structure of this catalyst, Pd on the S-terminated GaN(0001), by the density functional theory (DFT) calculation with the plane wave expansion and the pseudo potential methods using VASP [3] . (DFT), within a Local Density Approximation (LDA). In the experiment [2] , the catalytic plate was prepared via three steps: (1) the S-termination, (2) the adsorption of Pd species (Pd adsorption), and (3) the aging (Fig. 1) , and then the catalytic activity of the plate was evaluated by Heck reaction. Therefore, in this study, we consider 4 type of models which are S-GaN, Pd-GaN, Pd-S-GaN and S-Pd-GaN as shown in Figs. 2(a), 2(b), 2(c) and 2(d). In addition, we prepared for the two models of GaAs; As dimmer model and S dimmer model for comparison [4] . In this article, we will show the energy contour map of the Pd adatom on S-terminated GaN(0001) and the S adsorbed Pd adatom on GaN (0001) 
III. RESULTS AND DISCUSSION
First, we calculated the adsorption of S atom on the clean GaN(0001) surface and Pd atom on the clean GaN(0001) surface as references. The calculated results of the adsorption energy contour map of the S adatom Fig. 3(a) and the adsorption energy contour map for S adsorbed Pd adatom on GaN(0001) surface is shown in Fig. 2(d) . In for the S adsorbed Pd adatom on GaN(0001) are −0.06 and +0.16 in Fig. 9 . The structure of S-Pd-GaN is more stable than structure of Pd-S-GaN. A calculated atomic structure of Pd atoms on the S-terminated GaN(0001), indicating that the stable position of Pd atom is between S and Ga atoms of the S-terminated GaN(0001 number of valence electron of Pd is close to 0 when it use S atom as a role of bonding between Pd and GaN(0001) substrate. As well as the result of Pd on S-terminated GaAs(001) [5] , we have found that the number of valence electron of Pd on S-terminated GaN(0001) have the common point which is close to 0, also. Thus, the important role of S on the case of GaN substrate is to make the number of the valence electron to be close to 0.
IV. CONCLUSION
The density functional calculation is performed to determine the structure of the Pd catalyst on S-terminated GaN(0001) surface. The S atom is easier to be desorbed from the GaN(0001) substrate than the Pd atom during catalyst reaction. The valence electron numbers of Pd on the S terminated GaN(0001) are very close to 0. It means that it is good agreement with experimental data which catalysis reaction happens when the valence electron of Pd is close to 0.
